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pressures	 alter	 the	 hydrological	 regime	of	 perennial	 rivers	 toward	
intermittency,	 although	 the	 opposite	 can	 also	 happen	 at	 some	 lo‐
cations.	On	the	one	hand,	flow	regulation,	water	diversion,	ground‐
water	 extraction,	 and	 land‐use	 alteration	 promote	 the	 prevalence	
of	 river	 flow	 intermittence	 both	 spatially	 and	 temporally	 (Datry,	
Bonada,	&	Boulton,	2017;	Pekel,	Cottam,	Gorelick,	&	Belward,	2016).	
On	the	other	hand,	naturally	intermittent	rivers	turn	permanent	due	
to	 effluents	 from	 wastewater	 treatment	 plants	 or	 artificially	 en‐











&	Gessner,	 2011;	 del	 Campo	&	Gómez,	 2016;	Dieter	 et	 al.,	 2011;	
Taylor	&	Bärlocher,	 1996).	When	 surface	water	 returns	 after	 dry‐
ing	 events,	 accumulated	 organic	 and	 inorganic	 substrates	 are	 re‐
wetted	and	can	be	transported	downstream	 (Corti	&	Datry,	2012;	
Obermann,	Froebrich,	Perrin,	&	Tournoud,	2007;	Rosado,	Morais,	&	
Tockner,	2015).	Rewetting	during	 the	so‐called	 “first	 flush	events”	
also	leads	to	massive	pulsed	releases	of	dissolved	nutrients	and	dis‐
solved	 organic	 matter	 (DOM;	 Arce,	 Sánchez‐Montoya,	 &	 Gómez,	
2015;	 Gessner,	 1991;	 von	 Schiller	 et	 al.,	 2011).	 Importantly,	 con‐
centrations	of	the	released	substances	may	exceed	baseflow	values	
in	perennial	watercourses	by	several	orders	of	magnitude	and	can	







2017).	 Furthermore,	 eutrophication	 and	 hypoxia	 can	 be	 a	 conse‐
quence	of	excess	nutrient	transport	to	downstream	lakes,	reservoirs,	
and	 coastal	 areas,	 where	 the	 mortality	 of	 fish	 and	 other	 aquatic	
organisms	 can	 increase	 (Bunn,	 Thoms,	 Hamilton,	 &	 Capon,	 2006;	
Datry,	Corti,	Foulquier,	Schiller,	&	Tockner,	2016;	Hladyz,	Watkins,	
Whitworth,	&	Baldwin,	2011;	Whitworth,	Baldwin,	&	Kerr,	2012).
Despite	 their	 widespread	 distribution	 and	 distinct	 role	 in	 bio‐
geochemical	 cycling,	 IRES	 are	 notably	 missing	 in	 current	 analy‐
ses	of	 global	 carbon	budgets	 and	other	biogeochemical	processes	
such	as	cycling	of	nutrients	and	DOM	(Datry	et	al.,	2018).	Still,	re‐
search	on	 IRES	 is	 based	primarily	 on	 studies	 spanning	 fine	 spatial	
extents	(Leigh	et	al.,	2016),	which	limits	our	understanding	of	their	
roles	in	ecosystem	processes	at	the	global	scale	(Datry	et	al.,	2014;	
Skoulikidis,	 Sabater	 et	 al.,	 2017;	 von	 Schiller	 et	 al.,	 2017;	 but	 see	
Datry	et	 al.,	 2018;	Soria,	 Leigh,	Datry,	Bini,	&	Bonada,	2017).	The	
contribution	of	IRES	particularly	to	biogeochemical	processes	must	
be	understood	and	quantified	to	correctly	estimate	carbon	and	nu‐
trient	 fluxes.	 Studies	 indicating	 altered	 distribution	 of	 IRES	 in	 the	





1991;	 Nykvist,	 1963),	 depends	 primarily	 on	 the	 physico‐chemical	
characteristics	 and	 amounts	 of	 substrates	 accumulated	 on	 river‐
beds.	Leachates	from	leaf	litter,	the	most	abundant	form	of	coarse	




nutrients	 (e.g.,	 phosphorus,	 nitrogen,	 potassium;	 Bärlocher,	 2005;	
Gessner,	 1991;	 Harris,	 Silvester,	 Rees,	 Pengelly,	 &	 Puskar,	 2016;	
Nykvist,	1963).	Likewise,	leaching	from	rewetted	sediments	of	IRES	
releases	 large	 amounts	 of	 inorganic	 nitrogen	 (e.g.	 Arce,	 Sánchez‐
Montoya,	 Vidal‐Abarca,	 Suárez,	 &	 Gómez,	 2014;	 Merbt,	 Proia,	





















cesses	under	different	 scenarios	of	climate	change.	 In	 the	present	
study,	we	experimentally	simulated	pulsed	rewetting	events	under	
controlled standardized laboratory conditions using substrates 
collected	from	205	IRES	 located	 in	27	countries	 in	five	continents	
and	covering	five	major	climate	zones.	We	aimed	(a)	to	compare	the	
amounts	of	 nutrients	 and	DOM,	 and	 the	quality	 of	DOM	 leached	





during	 pulsed	 rewetting	 events.	We	 focused	 on	 common	nutrient	
and	 DOM	 species,	 which	 control	 essential	 ecosystem	 processes	








strate.	 In	 addition,	 substrates	 of	 organic	 origin	 also	 have	 a	 higher	
variability	 in	 the	composition	of	 leachates	due	 to	a	higher	 species	












2  | MATERIAL S AND METHODS
2.1 | Sampling sites, substrate collection, and 
environmental variables
A	total	of	205	IRES,	located	in	27	countries	and	spanning	five	major	












median.	This	needs	 to	be	 considered	 in	data	evaluation	and	 inter‐





to	 achieve	 constant	 mass,	 reduce	 variability	 from	 fluctuations	 in	
water	content	(Boulton	&	Boon,	1991),	and	ensure	cellular	death	of	
the	 leaf	 tissue.	Oven‐drying	mainly	 affects	 volatile	 and	 oxidizable	
compounds,	 which	 were	 not	 in	 the	 focus	 of	 our	 study.	 However,	
oven‐drying	may	 increase	 the	amount	of	 leached	substances	 from	
leaves	 and	 biofilms	 (e.g.	 Gessner	 &	 Schwoerbel,	 1989).	 Bed	 sedi‐
ments	were	sieved	(2	mm)	and	air‐dried	for	1	week.	The	dry	material	
was	placed	 in	 transparent	plastic	bags,	 shipped	 to	 laboratories	 re‐
sponsible	for	further	analyses	(see	Acknowledgements),	and	stored	
in	a	dry	and	dark	room	until	processing	and	analysis.
Nine	 environmental	 variables	 were	 selected	 to	 analyze	 their	
association	 with	 leachate	 characteristics	 (Table	 1).	 The	 variables	
were	 selected	based	on	 a	 conceptual	 understanding	of	 the	 leach‐
ing	 process.	As	 proxies	 of	 a	 regional‐scale	 influence,	we	used	 the	
aridity	index	and	potential	evapotranspiration	(PET)	extracted	from	





F I G U R E  1  Location	of	the	sampling	sites	(N	=	205)	across	five	climate	zones.	Climate	zones	according	to	Köppen–Geiger	classes	are	
marked	with	different	colors	[Colour	figure	can	be	viewed	at	wileyonlinelibrary.com]
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urban	areas	within	the	catchment	were	selected	as	proxies	of	local	
influence.	These	local‐scale	parameters	(apart	from	land	cover)	were	




TA B L E  1  Overview	of	the	variables	included	in	the	partial	least	squares	(PLS)	regression	models	and	transformations	applied	to	meet	
assumptions	of	analysis
Variable Description Measurement units Transformation















Active	channel	width m log(x) X











%	C Carbon	content % log(x) X,	Y
%	N Nitrogen	content % log(x) X,	Y
C:N Molar	C:N	ratio – log(x) X,	Y
Specific	sediment	characteristics
Silt Silt	fraction % log(x) X,	Y
Sand Sand	fraction % log(x) X,	Y
Clay Clay	fraction % log(x) X,	Y
Mean	size Mean	particle	size mm log(x) X,	Y
Quantitative	chemical	characteristics	of	leachates
DOC Dissolved organic carbon mg/g dry mass log(x) Y
DON Dissolved organic nitrogen mg/g dry mass log(x) Y
SRP Soluble	reactive	phosphorous mg/g dry mass log(x) Y
N‐NH4
+ Ammonium mg/g dry mass log(x) Y
N‐NO3
− Nitrate mg/g dry mass log(x) Y
Qualitative	chemical	characteristics	of	leachates
SUVA254 Specific	ultraviolet	absorbance mg	C/L – Y
FI Fluorescence	index – log(x	+	1) Y




DOC:DON Ratio	of	DOC	to	DON	concentration – Y
Phenolics:DOC Ratio	of	phenolics	to	DOC	concentration – log(x	+	1) Y
LMWS Low	molecular	weight	substances % Y
BP Biopolymers % Y
HS Humic	substances % Y
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2.2 | Leaching experiments
Rewetting	was	simulated	 in	 the	 laboratory	by	exposing	dried	sub‐
strates	to	leaching	solutions	as	a	proxy	for	their	exposure	in	situ	to	
river	water	during	first	flush	events.	Leaves	were	cut	into	approxi‐
mately	 0.5	cm	 ×	 0.5	cm	 pieces	 and	 homogenized	 in	 glass	 beakers	
using	 a	 spoon.	 If	 the	 sample	 contained	 conifer‐needles	 (approxi‐
mately	30%	of	samples),	these	were	cut	into	fragments	of	approxi‐
mately	 4	±	0.5	cm	 length.	 From	 each	 sample,	 0.5	±	0.01	g	 were	
weighed,	put	 into	250	ml	dark	glass	bottles	and	filled	with	200	ml	
of	a	200	mg/L	NaCl	leaching	solution	to	mimic	ionic	strength	of	the	
stream	water	 and	 thus	 to	avoid	extreme	osmotic	 stress	on	micro‐
organisms’	cells	upon	rewetting	(e.g.	McNamara	&	Leff,	2004).	For	
biofilms,	 sub‐samples	 homogenized	 as	 previously	 described	 were	
weighed	 to	 1	±	0.01	g,	 and	 placed	 in	 dark	 glass	 bottles	 filled	with	
100	ml	of	 the	 leaching	solution.	Sediment	samples	 (20–60	g)	were	










of	 the	 leaching	 process,	 data	 not	 shown),	 indicated	 selection	 of	 a	














of	 the	 filtered	 leachate.	 If	 sufficient	 substrate	 was	 available,	 two	
subsamples	were	 leached	 to	 cover	 possible	 heterogeneity	 of	 sub‐




2.3 | Physical and chemical characterization of 
substrates and leachates
Organic	carbon	(C)	and	total	nitrogen	(N)	content	of	substrates	(%C	





Using	 standard	 analytical	 methods	 (for	 details	 see	 Supporting	
Information)	 we	 analyzed	 the	 following	 substances	 in	 leachates:	










2.4 | Characterization of DOM quality
To	 determine	 concentrations	 of	 dissolved	 organic	 nitrogen	 (DON)	
and	the	composition	of	DOM	based	on	size	categories,	we	used	size‐
exclusion	chromatography	with	organic	carbon	and	organic	nitrogen	
detection	 (LC‐OCD‐OND	 analyzer,	 DOC‐Labor	 Huber,	 Karlsruhe,	
Germany)	 (details	 are	 provided	 in	 Supporting	 Information).	A	 sub‐
set	of	 leaves,	biofilms,	and	sediments	sampled	 from	77	 rivers	was	
selected	 randomly	 to	 cover	 all	 climate	 zones.	We	 selected	 limited	
samples	due	to	the	time‐consuming	nature	of	this	analysis	(2.5	hr	per	













matrices	 (EEM)	 using	 a	 spectrofluorometer	 (Horiba	 Jobin	 Yvon	




C/L)	 and	 cuvette	 length	 (m).	 The	 fluorescence	 index	 (FI),	 humifi‐




extracellular	 release,	 leachates	 from	 bacterial	 and	 algal	 cells	 lysis,	
FI	value	~1.9)	(McKnight	et	al.,	2001).	The	HIX	indicates	the	extent	
of	 DOM	 humification	 (degradation)	 (Ohno,	 2002;	 Zsolnay,	 Baigar,	
Jimenez,	Steinweg,	&	Saccomandi,	1999),	with	HIX	<0.9	 indicating	
DOM	derived	from	relatively	recent	(plant	and	algae)	inputs	(Hansen	
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scatter,	Rayleigh,	 and	 inner	 filter	 effects	 before	 calculation	of	 the	
fluorescence	indices	(Mcknight	et	al.,	2001;	Parlanti	et	al.,	2000).













of	 sediment	 layers	within	10	cm	depth	 to	 leaching	also	may	differ	
(e.g.	Merbt	et	al.,	2016).
Overall,	 the	 total	 areal	 flux	 is	 the	 sum	 of	 nutrients	 and	 OM	
leached	 from	 all	 substrates	 found	within	 the	 dry	 riverbed.	 To	 ex‐






spatial	 differences	 in	 surface	 fluxes	of	nutrients	 and	OM	across	 a	
range	of	sampled	IRES.
2.6 | Statistical analyses
Differences	 in	 the	 total	and	 relative	 leached	amounts	of	nutrients	
and	DOM	from	different	 substrates	 (Hypothesis	1),	 as	well	 as	be‐
tween	substrates	collected	in	different	climate	zones	and	estimated	
fluxes	 from	different	 climate	 zones	 (Hypothesis	 2),	were	 assessed	
using	Kruskal–Wallis	nonparametric	tests	followed	by	Dunn's	tests	
with	Bonferroni	 correction	 for	post‐hoc	comparisons.	The	 level	of	
significance	was	set	to	0.0167	to	account	for	multiple	comparisons	
among	 the	 three	 substrates	 and	 to	 0.0083	 to	 account	 for	 com‐
parisons	 among	 the	 four	 main	 climate	 zones	 (calculated	 as	 0.05/
[k(k−1)/2],	where	k	is	the	number	of	groups)	(Dunn,	1964).	The	polar	
climate	zone	was	excluded	from	the	comparison	as	there	was	only	
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expressed	 in	percentages.	This	measure	of	variability	accounts	 for	
differences	 in	 data	 distributions	 of	 nutrients	 and	 DOM	 amounts	
leached	from	different	substrates	and	facilitates	comparison.
In	 order	 to	 identify	 the	 environmental	 variables	 and	 substrate	
characteristics	 driving	 the	 quantitative	 (amounts	 of	 nutrients	 and	
OM)	and	qualitative	(DOM	quality)	characteristics	of	the	leachates	
partial	 least	 squares	 (PLS)	 regression	models	were	 applied	 (Wold,	
Sjöstrom,	&	Eriksson,	2001).	This	approach	allows	exploration	of	the	
relationship	between	collinear	data	in	matrices	X	(independent	vari‐
able)	 and	Y	 (dependent	 variable).	An	overview	of	 the	 components	
to	be	included	in	the	models	is	given	in	Table	1.	Performance	of	the	
model	 is	 expressed	 by	 R2Y	 (explained	 variance).	 The	 influence	 of	
every X	 variable	 on	 the	Y	 variable	 across	 the	 extracted	PLS	 com‐
ponents	(latent	vectors	that	explain	as	much	as	possible	of	the	co‐




(Eriksson,	 Johansson,	 Kettaneh‐Wold,	 &	Wold,	 2006).	 X‐variables 
with	VIP	>	1	are	most	 influential	on	the	Y‐variable,	while	variables	
with	 1	>	VIP	 >	 0.8	 are	 moderately	 influential.	 Values	 negatively	 
correlated	with	 the	Y‐variable	 were	multiplied	 by	 a	 coefficient	 of	







sured	 substrate	 characteristics),	 we	 used	 the	 approach	 suggested	












for	which	 the	 required	data	 (all	predictors	and	 response	variables,	
Table	1)	were	available.	We	ran	partitioning	of	variance	for	the	set	
of	samples	on	the	global	scale	and	individually	for	each	climate	zone.	
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3  | RESULTS
3.1 | Leached amounts of nutrients and DOM 
species




sediments	 (Figure	 3;	 Table	 S2).	 The	 leached	 amounts	 of	 N‐NO3
− 
were	 highest	 for	 biofilms	 (Kruskal–Wallis	 test,	 χ2	=	15.8,	 df	=	2,	





The	 total	 leached	amounts	of	nutrients	 and	DOM	from	 leaves	








The	 relative	 leached	 amounts	 of	DOC	 and	 phenolics	 (mg/g	C)	
and	DON	(mg/g	N)	were	highest	for	leaves,	followed	by	biofilms	and	
sediments	(Figure	3;	Table	S2).	However,	there	were	no	significant	
differences	 for	 the	 amounts	 of	 DON	 between	 leaves	 and	 biofilm	
leachates	(Kruskal–Wallis	test,	χ2	=	51.6,	df	=	2,	p	<	0.0001;	Dunn's	
test,	 p	=	0.8),	 nor	 for	 phenolics	 between	 biofilms	 and	 sediments	





df	=	2,	 p	<	0.0001;	 Dunn's	 test,	 p	<	0.001).	 For	 N‐NO3
−,	 relative	








up	 to	10	 times	higher	 than	 for	 sediments	and	 leaves.	Sediments	







from	sediments	and	 leaves	 to	biofilms,	with	no	 significant	differ‐
ence	between	sediments	and	leaves	(Kruskal–Wallis	test,	χ2	=	55.8,	
df	=	2,	p	<	0.0001;	Dunn's	test,	p	=	0.4)	(Figure	4;	Table	S3).
F I G U R E  2  Variance	partitioning	
among	variables	that	influence	leaching	
of	nutrients	and	organic	matter	from	




explained	 by	 the	 effect	 of	 environmen‐
tal	 variables	 on	 substrate	 characteristics	
measured	in	the	study;	fraction	c	–	variance	




effect	 of	 the	 environmental	 variables	 on	
leachate	characteristics;	[a	+	b	+	c]	–	effect	
of	the	environmental	variables	on	leachate	
characteristics	 through	 their	 impact	 on	
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Ratios	of	DOC:DON	and	phenolics:DOC	were	highest	in	leach‐
ates	from	leaves,	while	differences	between	sediments	and	biofilms	
were	 not	 statistically	 significant	 (Dunn's	 test	 following	 a	Kruskal–
Wallis	test,	p = 0.8 and p	=	0.06	respectively;	Table	S3).








test,	 χ2	=	96.94,	 df	=	2,	 p	<	0.0001;	 Dunn's	 tests	 <0.0001).	 Values	
of	FI	indicated	the	presence	of	OM	derived	from	terrestrial	sources	




HS	 in	DOM	was	 in	 sediment	 leachates,	while	 between	 leachates	
of	 leaves	 and	biofilms	 the	percentage	of	HS	did	 not	 significantly	
differ	 (Kruskal–Wallis	 test,	 χ2	=	29.9,	 df	=	2,	 p	<	0.0001;	 Dunn's	
test,	p	=	0.9).	The	highest	percentage	of	LMWS	was	present	in	leaf	
leachates	with	the	median	twice	as	high	as	 in	sediments	and	bio‐
films.	The	highest	percentage	of	BP	was	 found	 in	 leachates	 from	
biofilms	with	 the	median	values	 two	and	six	 times	higher	 than	 in	
sediments	 and	 leaves,	 respectively.	 For	 LMWS	 and	 BP,	 the	 dif‐
ference	between	biofilms	and	sediments	was	not	statistically	sig‐
nificant	 (Dunn's	 test	 following	 a	 Kruskal–Wallis	 test,	 p = 0.7 and 
p	=	0.06	respectively).
3.3 | Differences in amounts of leached 
substances and DOM quality across climate zones
Cross‐climate	 differences	 in	 amounts	 of	 leached	 substances	 and	
qualitative	 characteristics	 of	DOM	depended	 on	 the	 type	 of	 sub‐
strate	(Table	2;	Table	S4).	For	leaves,	a	significant	difference	in	the	
total	 leached	 amounts	 was	 observed	 only	 for	 N‐NH4
+ between 
continental	 and	 arid	 zones,	 as	 well	 as	 between	 continental	 and	
temperate	 zones	 (Dunn	 post‐hoc	 tests	 following	 a	 Kruskal–Wallis	
test,	p	<	0.0001,	Table	S4).	All	variables	measured	in	leaves	showed	
highest	 concentration	 in	 the	 continental	 zone,	 except	 for	N‐NO3
− 
(highest	in	the	tropical	zone)	and	DON	(highest	in	the	arid	zone).	For	
sediments,	 significant	 differences	 in	 leached	 amounts	were	 found	
for	 all	 variables	 except	 phenolics	 (Kruskal–Wallis	 test,	 χ2	=	5.43,	
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3.4 | Effects of environmental variables and 
substrate characteristics




variables	 (fraction	 [a	+	b	+	c]),	which	was	more	than	twice	that	 for	
leaves	(11%)	(Figure	6a,b).	For	sediments,	around	23%	of	the	variance	
could	be	explained	by	the	effect	of	substrate	characteristics	 (frac‐

























For	 the	 temperate	 zone,	 the	 results	 of	 variance	 partitioning	




























































ples	 from	the	 tropical	 zone,	and	pasture	and	 forest	cover,	 riparian	











sediments	 (6%)	 (Table	3).	The	same	was	 found	 for	 the	amounts	of	
leached	substances,	where	the	explained	variance	for	biofilms	was	
due	 to	 the	 effect	 of	 environmental	 variables	 (PET	 and	 fraction	 of	





3.6 | Estimated areal fluxes of nutrients and OM 
across IRES riverbeds
Area‐specific	 fluxes	 differed	 by	 two	 to	 four	 orders‐of‐magnitude	
among	the	sampled	riverbeds,	depending	on	the	nutrient	and	OM	




+ and	phenolics	 spanned	 three	
orders‐of‐magnitude	(N‐NH4
+: 0.009–6.67 g/m2,	median:	0.27;	phe‐
nolics:	 0.012–35	g/m2,	 median:	 1.39).	 N‐NO3












flux.	 In	contrast	 to	sediments	and	 leaves,	 the	relative	contribution	
of	biofilms	to	area‐specific	flux	rates	was	very	low	for	all	substances	









−,	and	 five	 times	higher	 for	SRP	and	DOC.	For	all	nutrients	





χ2	=		24.8,	 df	=	3,	 p	=	0.003;	 Dunn's	 tests	 p = 0.001 and p = 0.005 
respectively)	 and	 SRP	 (Kruskal–Wallis	 test,	 χ2	=	20.02,	 df	=	3,	






4.1 | Rewetting events in IRES in the context of 
global biogeochemical cycles
Our	 globally	 comparable	 assessment	 of	 nutrient	 and	DOM	 leach‐
ing	in	rewetted	IRES	shows	that	the	quantity	and	quality	of	leached	








of	 inherent	 substrate	properties	and	 their	modification	during	 the	
drying	period.	Leaching	from	organic	materials	(leaves	and	biofilms)	
was	relatively	enriched	 in	P	vs	N	 in	contrast	 to	sediments.	Due	to	



















we	 suggest	 that	 rewetting	 of	 sediments	 is	 key	 for	 understanding	
biogeochemical	cycles	in	fluvial	networks	with	IRES,	and	that	leaves	
and	biofilms	can	 introduce	 regional	variabilities	 in	 the	global	 scale	
patterns	depending	on	the	accumulated	amount	of	these	substrates	














differences	among	climate	 zones	 for	 leaves	could	be	explained	by	
the	 considerable	 variability	we	 observed	 among	 leaf	material	 col‐
lected	within	 climate	 zones,	 both	 in	 terms	of	 species	 composition	
and	 drying	 history.	 Although	 we	 did	 not	 assess	 the	 site‐specific	
composition	of	riparian	vegetation,	previous	studies	 indicated	that	
up	to	40%	of	variation	in	leaf	traits	at	a	given	site	can	be	explained	
by	 small‐scale	 spatial	 and	 temporal	 environmental	 heterogenity	 in	
environmental	 factors	 such	 as	 hydrology	 and	 disturbance	 regime	
(Cornwell	et	al.,	2008).
High	 concentrations	 leached	 in	 the	 continental	 climate	 zone	



















occur	 in	 a	 natural	 setting	 (i.e.	 intensity	 and	 duration	 of	 rewetting	




indicate	 that	 rewetting	 of	 IRES	 produces	 a	 pulsed	 release	 of	 dis‐
solved	 substances.	 Decomposition	 of	 substrates	 accumulated	 in	
IRES,	 and	 thus	 carbon	 turnover,	 are	 affected	 by	 drying‐rewetting	
F I G U R E  6  Partitioning	of	variance	in	quantitative	composition	(a)	and	qualitative	characteristics	(b)	of	leachates	on	global	and	regional	
scales	(values	indicate	percentage	of	variance	(R2Y)	explained).	Note:	For	biofilms,	the	analysis	was	done	on	data	from	the	temperate	zone	
only	because	of	the	limited	amount	of	samples	from	other	climate	zones
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cycles	(Fierer	&	Schimel,	2002).	Given	the	predicted	increase	in	the	
duration	 of	 droughts,	 the	 exacerbation	 of	 extreme	 low‐flow	 con‐
ditions,	and	the	 intensity	of	storm	events	 (De	Girolamo,	Bouraoui,	




4.2 | Environmental variables correlated with 
release of nutrients and OM
Environmental	 variables	 that	 are	 prone	 to	 be	 affected	 by	 climate	
change	(namely	PET,	aridity,	dry	period	duration,	land‐use)	correlated	
with	 amounts	 and	quality	 of	 leachates,	 particularly	 for	 sediments.	
For	leaves,	these	correlations	were	less	pronounced,	suggesting	that	



















vironmental	 variables	with	amounts	of	 leached	 substances	 indicate	
that	 climate	 change	can	have	different	effects	on	 IRES	 in	different	
geographical	regions.	For	example,	 in	the	arid	zone,	where	IRES	are	
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Although	dry	period	duration	is	an	important	factor	affecting	the	























4.3 | Implications for freshwater ecosystems and 
future research
We	 identified	 IRES	 to	 function	 as	pulsed	biogeochemical	 reactors	
(sensu	Larned	et	al.,	2010)	at	a	global	scale	even	though	the	experi‐
ments were conducted under laboratory conditions and magnitudes 




for	 the	 functioning	of	 rivers	could	be	determined	by	 the	effect	of	
leached	 substances	 on	 the	 degree	 of	 nutrient	 limitation	 of	micro‐
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